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RRMARKS/ARGUMENTS 

This Reply is in response to the Office Action dated January 11, 2006 and is 
accompanied by a petition for a one-month extension of time along with an authomation to 
charge the required statutory fee for the extension. 

In this Reply, claims 1-4, 26 and 32 have been amended and claims 31 and 36 have been 
cancelled. Claims 72-74 have been added. Support for the recited pH of 1 recited in claim 72 can 
be found in Example 6 which recites apH range of 1 to 13, while support for a pH of 6 can be 
found m the summary as well as in original claim 33. New independent claim 73 recites "A 
slurry for chemical mechanical polishing (CMP), comprising: a bulk solution, said bulk solution 
being in a pH range of 1 to 6 or 8 to 13, and a plurality of nanoporous comprising particles". 
Support for the recited pH ranges can be found in Applicants' summary. No new matter has been 
added. 

In Applicants' Reply filed on October 27, 2005, claim 1 was amended to recite a slurry 
comprising "a plurality of nanoporous comprising particles" to distinguish U.S. 6,048,577 to 
Garg who discloses a polishing slurry including only nanosize (but not nanoporous) particles. 
However, in the instant action, although the anticipation rejections based on Garg and 
obviousness rejections based on Garg in view of U.S. 6,458.017 to Li were withdrawn, the 
Examiner identified a new reference to formulate new obviousness rejections. 

Specifically, claims are rejected based on newly cited U.S. Pat. 5,055,019 to Meyer et al. 
(cited for nanoporous particles) combined with Garg. According to the Examiner; 
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Gaig teaches nano-sized powvter of alpha alumina having silica coaGng thereon 
(column 5, lines 7-10). Qar^ furthar teachds a pcllshing duny is comprised of a alumlrta 
powder has a silica coating wherein S5% of tha partitas have widths of from 20 to 
atwut 50 nanometers while less than 5% have particle sizes graatar than 100 
nanometers and is cBspersed In a liquid dispersion medium (claims 6 and 9). Tlie 
albremenSonad reads on. 

A slurry for chemical mechanical polishing (CMP), ccmprising: 

a bulk solution; and 

apluraliTyofpartfcles, in claim 1: and 

encompasses an average particie size of said nanosize comprl^ng particles is 
less than 500 nm, in claim 9 and is fium 200 to 600 nm. inelaunio. 

Garg differs if failing to teach a pfuraHty of isanoporous comprising partides. In 
dalms 1.5,6. and 9. 

Meyer discloses tjoerunflic sdumina compouncfe ha\mg AlzOa and the eompoi«>d8 
have a pore FadS in the range of 3 to 100 nm (Abstract and column ^ , Unas 6-10). which 
reads on a pturailty of nanoponxis comprising particles. 

Since Meyer Klustrates a plurality of nanopomus comprises paiUdes is known, 
then it woi4d have been ob^riksus to one havmg ordinaiy skill in the ait at the time ttie 
Invention was made to modBy Gartfs sluny by employing compounds having a pore 
radB in the nm range as taught by Meyer, tnctuding appEcants' specifically dauned 
range because such compounds can be used in poQshli^ agents (Meyer, column 1. 
lines 11-16}. 
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Applicants respectiully disagree with the assenion of obviousness based on Garg in view 
of Meyer. However, before reviewing the cited art. Applicants will review the claimed invention 
as now recited m amended claim 1 (copied below). 

1. (Currently amended) A slurry for chemacal mechanical polishing (CMP), comprising: 

a bulk solution including at least one additive selected ftom the group consisting of 
an oxidizer, a selective adsorption additive and a salt, and; 

a plurality of nanoporous comprising particles. 

The aroendment to claim 1 thus adds an "additive selected from the group consisting of 
an oxidizer, a selective adsorption additive and a salt". Such additives are specific to chemical 
mechanical polishing (CMP), which is the basis of Applicants' claimed invention. Unlike CMP 
which relies on mechanical action as well as chemical action, general mechanical polishing, even 
when slurries are used, rely entirely on mechanical abrasion and thus do not include any of the 
recited additives recited in amended claim 1. For example, the oxidizer recited in claim I is 
clearly specific for the CMP of metals. 

Applicants have included text which distinguishes CMP processing from both mechanical 
polishing (disclosed by Garg and Meyer) and chemical etching. This article was pubUshed in 
MRS Bulletin October 2002 (full copy attached; salient details copied below): 



The CMP process is often confused with chemical etching, and/or mechanical polishing process. 
All the three processes achieve controlled material removal; however the mechanisms by which 
material removal is achieved are completely different. In a chemical etching process, material 
removal is achieved by a chemical reaction at the surface, resulting in the formation of dissolved 
species and subsequent transportation of the dissolved species from the surface. The etching 
rate/removal rate is constant and does not change with time. This is shown schematically in Fig. 
3. In the CMP process, the chemical reactions between the chemicals and the metallic layers 
result in a thin, non-dissolving and chemically passivaiing surface film which is subsequently 
removed by the mechanical action of the particles. Initially the chemical reaction rate is high, but 
due to passivation effects, the reaction rate drops immediately. When the surface layer is 
removed by abrasive panicles in the slurry, the surface film fonnation smd passivation 
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phenomenon repeals itself (Fig. 3). Thus, staiic etch rate in a CMP process is quite low. In 
dielectric CMP, although surface passivation is not a critical issue, the formation of a soft 
hydrated gel-like layer on the surface is important to achieve high performance polishing. 

In mechanical polishing, the removal of material takes place by direct interaction of particles on 
the original surface. The material removal in this case can be considered to be due to the classical 
abrasion wear mechanism which involves indentation and the removal of material by a 
scratching process. This material removal mechanism typically requires high energy because 
bonds have to be broken by mechanical forces only. Due to large energy requirements, the 
removal rates are typically much lower than CMP unless larger sized particles are used, in whach 
case high surface dcfcctiviiy is obtained. Thus, an inverse relationship typically exists between 
the rate of removal and the surface finish. In contrast, in a CMP process, the chemical modified 
surface layer is much easily removed because of its inherent nature: soft, ductile layer in the case 
of siUca and more brittle layers in the case of metals such as tungsten, copper, etc. Figure 5 
shows schematically the relationship between removal rate and surface finish for all three 
material removal processes. 

Garg is entitled "Nano-sized alpha alumina particles having a silica coaling thereon" and 

discloses nano-sized powders of alpha alumina can be obtained ft'om a boehmite gel doped with 

a barrier-forming material such as sihca that is then dried, fired and comminuted to powder form. 

The only mention of porosity in Garg regarding porosity is in the background regarding 

"porous nature of the boehmite particles" as copied below: 

One of the problems in working with a boehmite gel to produce formed ceramic articles 
is that the gel cannot exceed about 65 wi % soUds because of the porous nature of the boehmite 
particles. Thus there is a lot of water thai needs to be driven off in the course of the drying 
process. In addition not only is there further shrinkage aa a result of the elimination of the water 
associated with the boehmite, (which is of course alpha alumina monohydraie), but the phase 
change from the intermediate gamma phase (to which the boehmite first converts) to the final 
alpha phase also involves a shrinkage. Thus the direct fabrication of a ceramic product from 
boehmite is only practical for thin objects where the water loss can be relatively easily be 
accommodated arid the shrinkages can be controlled. 

In one embodiment, Garg's does disclose a polishing slurry comprising a powder 

dispersed in a liquid dispersion medium (claims 9 and 10). However, Garg does not mention 

CMP and does not disclose or suggest Applicants' claimed CMP slurry including the claimed 

"nanoporous comprising panicles" or the newly recited "additive selected from the group 

consisting of an oxidiaer, a selective adsorption additive and a salt". 
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Meyer is entitled "Piocess for the production of boehmitic aluroinas" and discloses a 
process for the preparation of boehraiiic alumina compounds having a purity of, at least, 99.95% 
AI2O3. The compounds produced according to the invention have a pore radii in the range of 3 to 
100 nm. The preparation of such compounds is carried out by, first, obtaining an alumina 
suspension from a neutral aluminum alkoxide hydrolysis and. then, aging the alumina suspension 
in an autoclave, preferably, at a steam pressure of 1 to 30 bar. corresponding to a temperature of 
100 degree C. to 235 degree. C, for between 0.5 and 20 hours. The aging step of the invention is 
preferably carried out with stirring at a peripheral speed of 1 to 6 vaJs. 

As noted above, to base an obviousness rejection of fonner claim 1 the Examiner 
combined Garg and Meyer based on the following reasoning: 

Siftce Meyer fllustrafes 9 (rturaHyof nanoponius compnaes pailides is known, 
then It wguM have been vin^cm to one having ocdinaty in ths an at ths tima the 
Invention was mad9 61 modify Goig'b siuny by employing oompounds tiavins a pace 
radii in the nm range as taught fay Meyer, indudbio applicants' spedfieaH^ daftned 
range because such cxmipQunds can be used In polisfiins ^ants (Meyer, column 1. 
lines 11-16). 

Applicants aclcnowledge that Meyer mentions in a single place (cited by the Examiner) 

that the nanoporous particles according to Meyer can be used for "polishing". Applicants have 

copied the ftill paragraph below relied on by the Examiner. 

In the neutral hydrolysis of aluminum alkoxides, e.g., as described in DE-AS I 258 854, 
aluminas with a boebmite structure or .alpba.-aluininum oxide monohydraie are obtained. The 
products obtained have a maximum pore radius of 2 to 4 mn and can be used as pigments, fillers, 
polishing agents and catalyst carriers. However, it is particularly desirable, in the case of carrier 
materials for catalysts and for separating gaseous components, thai such aluminas are obtained 
with a pore volume or with port: rudii in a specific range. It is particularly desirable to inc-reose 
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ihe pore -volume of such aluminas and also to increase the pore radius, while maintaining a very 
narrow pore radms distribution. 

Significantly, Meyer discloses the invenrion is "particularly desirable, in the case of 
carrier materials for catalysts and for separating gaseous components". Applicants note that in 
the case of catalysis, more surface area is clearly desirable as it increases surface area for the 
reaction to take place. In contrast, there is no apparent advantage in using porous particles for 
polishing (as compared to conventional solid particles). Significantly, particle porosity is well 
known by those having ordinary skill in the art to reduce the mechanical integrity of the 
particles. For example, one having ordinary skill in the art of mechanical polishing porosity 
would readily appreciate that porosity of any kind would mechanically weaken the panicles and 
make the particles susceptible to fracture or even pulverization during mechanical polishing. 
Thus, since mechanical integrity is a known problem regarding porous pamcles and no 
advantages regarding porous particles are disclosed or known to those having ordinary skill in 
the art, porous particles including nanoporous particles are taught away from for mechanical 
polishing applications. 

Moreover, Applicants can find no suggestion or motivaTion to modify Garg to add the 
nanoporosity disclosed in Meyer in any of the references of record in this case. MPEP 2 143.01 
entitled "Suggestion or Motivation to Modify the References" describes the required elements 
necessary under the Patent Law to properly support a finding of a motivation to modify 
references, A portion thereof is copied below: 

In detertniiung the propriety of the Patent Office case for obviousness in the first instance, it is 
necessary to ascertain whedicr or not the reference teachings would appear to be sufficient for 
one of ordinary skill in the relevant art having the reference before bim to make the proposed 
substitution, combination, or other modification." In re Linter. 458 F.2d 1013, 1016. 173 USPQ 
560, 562 (CCPA 1972). 
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Obviousness can only be established by combining or modijying the teachings of the prior art to 
produce the c laimed invention where there is some teaching, suggestion, or moiivaiion to do so 
found either explicitly or implicitly in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art. "The lest for an impliciT showing is what the 
combined teachings, knowledge of one of ordinary skill in the art, and the nature of the problem 
to be solved as a whole would have suggested to those of ordmary skill in the an." In re Kotzab, 
217 F.3d 1365, 1370, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). See also In re Fine, 837 F.2d 
1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 
1992). 

Regarding Applicants' recited nanoporosiiy, the Examiner asserts that the motivation to 
add the nanoporosity disclosed in Meyer to Garg's slurry is "because such compounds can be 
used in polishing agents". 

Applicants respectfully traverse the above-provided motivation to add the recited 
nanoporosity to Garg's slmnry particles. The single mention in Meyer that nanoporous particles 
can be used in poUshing, without the recognition of any advantages thereof, does not provide the 
required "leaching, suggestion, or motivation" to modify be "found either explicitly or implicitly 
in the references themselves or in the knowledge generally available to one of ordinary skill in 
the art. Without the benefit of Applicants' application one having ordinary skill in the an would 
not specifically recognize t he advantages of the recited nanoporosity for CMP descnbed in 
A ppUcants' application which have unexpected fou nd to provide improved CMP results. As 
noted above, nanoporosity is taught away since one having ordinary skill in the art of mechanical 
polishuig would recognize that porosity of any kind would mechanically weaken the particles 
and make them susceptible to fracmre or even pulverization. Accordingly, absent impermissible 
hindsight regarding Apphcants' fmdings, one having ordinary skill in the an would not recognize 
a single advantage of nanoporosity for CMP particles as described by AppUcants. Accordingly, 
since there is no motivation for one having ordinary skill in the art to modify Garg's slurry 
particles to add nanoporosity, and the mechanically compromised porous particles would 
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themselves teach away from use for polishing, amended claim 1 is believed to recite aa inventive 
step and thus render claim 1 and claims dependent thereon patentable ever the cited art. 

In addition, following Applicants' amendment to claim I, Applicants note that Garg and 
Meyer are now both clearly unrelated art relative to Applicants' claimed CMP slurry which now 
recites a CMP specific additive. Although Garg discloses a polishing slurry, the slurry is a 
simple mechanical polishing slurry, Meyer's single mention of the nanoporous panicles for 
"polishing" does not mention a polishing slurry, nor clearly CMP. Accordingly, both Garg and 
Meyer are wholly unrelated to CMP. As noted above, while general mechanical polishing, even 
when slurries are used, rely entirely on mechanical abrasion, CMP relies on mechanical action as 
well as chemical action, and thus requires chemically active additive(s) to achieve the desired 
action. AppUcants have copied MPEP 2141.01(a) below to emphasize that at least Meyer is 
nonanatogons art. 

2141.01(a) Analogous and Nonanalogous Art 

TO RELY ON A REFERENCE UNDER 35 U.S.C. 103, IT MUST BE ANALOGOUS PRIOR 
ART 

The Examiner must determine what is "analogous prior art" for the purpose of 
analyzing the obviousness of the subject matter at issue. "In order to rely on a 
reference as a basis for rejection of an applicant's invention, the reference must 
either be in the field of applicant's endeavor or, if not, then be reasonably 
pertinent to the particular problem with which the inventor was concerned." In re 
Oetiker, 977 F-2d 1443, 1446, 24 USPQ2d 1443, 1445 (Fed. Cir. 1992). See also 
In re Deminski, 796 F.2d 436, 230 USPQ 313 (Fed. Cir. 1986); In re Clay, 966 
F.2d 656, 659, 23 USPQ2d 1058, 1060-61 (Fed. Cir. 1992) ("A reference is 
reasonably pertinent if, even though it may be in a different field from that of the 
inventor's endeavor, it is one which, because of the matter with which it deals, 
logically would have commended itself to an inventor's attention in considering 
bis problem."); and Wang Laboratories Inc. v. Toshiba Corp., 993 F.2d 858, 26 
USPQ2d 1767 (Fed. Cir. 1993), 

Applying the above rule, Meyer is clearly outside Garg's field of endeavor, that being 
poUshing slurries. Meyer is also not reasonably pertinent to the problem at hand, mechanically 
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polishiog a surface using a slurry, as Meyer does not relate to slurries for polishing at all. 
Accordingly, Applicants submit that one having ordinary skill in the art readiog Garg would not 
consider Meyer's nanoporous particles since Meyer is nonanalogous art to slimy-base polishing. 

Some claims are believed to provide separate bases for patentability. For example, 
amended claim 2 recites "The slurry of claim 1. wherein said additive comprises said selective 
adsorption additive", sach as a surfactant or surface active polymer. As taught in the present 
application, the claimed nanoporous slurry particles provide imexpected and highly 
advantageous resuhs, panicularly when used in conjunction with Applicants' selective adsorption 
additive comprising slurry recited in claim 2. Specifically, in this arrangement, because of the 
porous particle surface, the adsorption of surfactants or polymer additives can occur at different, 
and generally lower, concentrations as compared to bulk particles. 

Moreover, claim 6 which recites "wherein said nanosize nanoporous particles comprise 
nanoporous cores coated with a solid material coating or first core material coated with a second 
material, said second material being a nanoporous coating" appears to have been improperly 
rejected because no basis in the cited an for the limitation recited is provided. 

New independent claim 73 recites "A slurry for chemical mechanical polishing (CMP), 
comprising: a bulk solution, said bulk solution being in a pH range of 1 to 6 or 8 to 13, and a 
pluraUty of nanoporous comprising particles". The pH. like Applicants slurry additives recited in 
amended claim 1 are specific to CMP. In contrast, mechanical polishing slurries are essentially 
neutral (pH of 7), Accordingly, for reasons analogous to those described above relative to 
amended claim 1, claim 73 and its dqjendent claim are believed to recite an inventive step and 
thus be patentable over The cited art. 
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Conclusion 



Accordingly, in view of the above, Applicants submit amended claici I which recites a 
slurry for cheniical mechanical polishing (CMP), comprising a plurality of nanoporous 
comprising particles together with a bulk solution including at least one (CMP SPECIFIC) 
"additive selected from the group consisting of an oxidizer, a selective adsorption additive and a 
salt" is patentable over the cited art, as are claims dependent thereon. Similarly, new claim 73 
which recites a slurry for chemical mechanical polishing (CMP), comprising a plurality of 
nanoporous comprising particles together with a bulk solution being in a (CMP SPECIFIC) pH 
range of I to 6 or 8 to 13 is patentable over the cited art, as is its dependent claim. Applicants 
have made every effort to present claims which distinguish over the cited art, and it is believed 
that all claims are now in condition for allowance. However, Applicants request that the 
Examiner call the undersigned if anything further is required by the Examiner prior to issuance 
of a Notice of Allowance for all claims. I 
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introduction 

In (he past decade. chertUiSJl-inechaniral 
planaruauun (CMP). al.so known as 
chemical-mechanical pohshing. ha^ 
emerged as the fastest-etowoig opeianon 
in the semiconductor rn£inufactur»ng in- 
dustry, and it is expected to show equally 
t*pli3S»ve growth m the ftinjit.' It ;s esn- 
mated that moie than 150 miJljon pla- 
narizanon opemBons will be con4ucred 
thij yeai. and that number is expec^ to 
double wjthjn the iwxt three years • Th^s 
rapid incmase will be fuded by the intro- 
duction of coppei>ba»«sd mteicannects for 
logic and other dev*ces.' Other novel ap- 
plKrations of CMP for next-seneraiion 
nanoscale devices ate rapidly emerging. 

The market size for CMP equipment and 
eonsiunablw (slutriei, pads, etc) fftw 
from $250 irolbon m 1996 to over $1 billion 
in 2000 * Thfi coniumabies niarket, espe- 
cially *n the area of slumfis, is qune robust 
and u e»p«cttid to increa»<; torn the 
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present level of $250 milLon to more than 
$800 imlUm wiihin the nwct five years ^ 
The slurries, which typically contain 
particle-based abrasives and diemical ad- 
ditives, represent the largest valufr-added 
applicmonotnanopanicles— a key area of 
nanottchnulogy that is curreiuty garnering 
subsonrial funding from govemOienral 
orgamzaiion:> and privaie corpoianons. It 
has been esomated That CMP nanoparticles 
alone will constitute nearly 60% of the 
total $1 biUian worldwide market for 
nanopowdnrs by 2005. 

On« o{ the unique aspects of CMF is 
th9t the piocei>» was invented, developed, 
and put Into appUcanon by the indusoy 
Itself wi^ut any bignificani uitetAction 
with academic insnnitions Consequently, 
the whole process is shrouded in secrecy. 
With must of the Uteratwie available in tha 
form of patents. The composiiion Of the 
slurry IS me most sacreave elMnant Acasu- 



alty of this approach has been the lack of a 
fimiiamenial undetsta-nding of the CMP 
prtscess. This lack »s furtfver compounded 
by the large number of input variables 
(>20) and output variables that need 
to be optimized.' PurlheniuiR!, the science 
of CMP i» quite diSerem from traditional 
semiconductor manufacturing tedmoiogy, 
which IS based on fitei deposition, lon 
impiaiuation, pihotolithografivy, thermal 
annealing, va|]Or»phase processing, and so 
oiu* For CMP, an entirely new knowledge 
ba:ie and set ot skills, involving parti^ 
technology. coriQSion. ttibobgy and tribo- 
chemtCAl phenomena, wet and surface 
chemistry, flwd flow, and mechimical 
propemes of polymers, ate consideied es- 
sential.^ These areas traditionally have not 
been the focus of semiconductor manufac' 
tunng praaiiioineis 

All of the!i« factors have contnbujed to 
the impression that CMP is mot« of an art 
thanasdenoe Funhennore, miscone^tions 
exist among semiconductor manu&ctur- 
ing pr:»aiaoneis because of a failure to 
distinguish CMP from other controlled 
material-removal techniques such as 
chemical etchu\g and mechanical pt>tish- 
ing AS an example, the most widely used 
fundamental tquanon in CMP, Preston's 
law. k nonetheless flawed, as it is solely 
based On concepts denved from mechani- 
cal polishing.'^ Fuitner insights into this 
aapeci are discussed in the next sectiorx. 

The arrides m this issue not only pro- 
vide gUmpsn into technological advances 
in the CMP ijjocess, bui also jjive a solid 
foamework tor undei^tanding CMP ph«- 

arw hig^ghied. This overview providiiS a 
bnisf dfiscripiion of the process, some key 
advancements, and emerging appiicanons 
of CMP 

Brief Description of the Piwess 

CMP oombinfis chemical and mechanical 
mteractions to plaitarl2£ metal and dielec- 
mc surfaces using a diiny composed of 
chemicals and submicron-stzed particles ' 
A schematic diagram Of the CMP openi- 
tlon Is shown m Rgure T- TT\e shmy is fed 
onto a polishing pad made of a pOrous 
polymer. By nwving the pad scioss the 
wafer in a circular, elliptical, or linear 
motion, the wafer siufacv is polished. TTw 
polymeric pad performs several func- 
tions, including uniform shury transport, 
distributian and nmiovai of the reacted 
products, and uniform distnbunon of 
applied pressure across tha wafer. In a 
typical CMP process, the chemicals intw- 
aci with the material to form a diemicalty 
modified surface. Simultaneously, th* 
abrasives m tbc slurry mechanically inters 
act with the chemically modified surface 
layeis, resulting in material removal."' 
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Figui& 1 Scnematie ftagram of a typical 
ehsmmai-iTteenanieai pianamation 
(ChfP) process, w, ana rsfyr » ffie 
angular veiooiy of the earner ana me 
platan, tcspectively. 



A mfichanistic undersianding of ihe CMP 
pn>ccs:> can be dffveloped by studying the 
wafer-pad-slurry interacaoni that occur 
at both the micro- and nanoscale (Rg- 
i«e 2)." At che muroscale, the pou^ pad 
earrymg thepanide-based slurry interacts 
with the siufece at *e wafer. It is gener- 
ally believed that the particles, wh»ch are 
between tne wafer and tha pad, parncl- 
pate <n a mechanical abrastan process diat 
xesulrs m material jeinoval At the nano- 
scale. the kinetics of the formation and 
removal of the rhin surface layer conaols 
CMP output paiamettrs Such as removal 
rate, surface planatity. Surface defecifvity. 
and aluny selectivity Ithe polishing rate Of 
Che top layer as compared wiA the imder- 
lyiiyg layer) 



Pressure 



744 



/Jthough ths CMP process is intuitively 
quite stinplfl, achieving a more detailed 
understartiimg has been lirrutcd priinaiily 
by the large number of input variables In 
the pulishing process. J^le 1 lists the vari- 
ous systeii\s-l6vel variables in CMP. Thisy 
include slurry variables (such an particles 
and chemicals), pad varijtbles, tool vari- 
ables (down pressure and linear velocity), 
and subatTBte variables (pattern density, 
etc).' The total nusnber of variables can 
exceed 20, makng process difficult to 
understand and contiDl. 'IlIIu^d^pendenc 
contributions by some of these variables 
cause further ciwi^Iexities m the process 

AS mentioiwd earlier, the CMf* process 
is ohen confused wjih chemical etcWg or 
mecharucal polishing. All three processes 
achieve controlled mateiial removal; how- 
ever, the medwnisms by whicti maietiai 
removal is achieved are cour^letely differ- 
ent In a cheovcal-eiching process, flWte- 
rial removal is achieved by a chemical 
teacncn at the surface, resulting in the 
formation of dissolved species and sub- 
sequent transportation of the dissolved 
species from the surface. The etching (re- 
moval) rate is constant and do«s not 
change wid\ tune. This is shown schea^ati- 
cally in Figure 3. In the CMP process, the 
reactions between the chemicals and the 
metallic layers result m a dun. nondissolv- 
ing, chemically passivating surface film 
that tfi subsequendy removed by the me- 
chanical action of the pandes. Initially, 
the chemical rvacnon rate is higK but dun 
to passivation eSecis, d:« reactio[« rate drops 



nmnediaiely. When the Surface layer is 
removed by the abrasive particles m Ths 
slurry tlu surface-film formation and pas- 
sivation phenoonenon repeats itself (Fig- 
ure 3). Thus, the static etdi rati: m CMP is 
qwte low. In CMP of dteinctnc tnarenals. 
al^ough surface passivation is not a 
criticai issue, d» feamadon of a soft, hy 
dmted gel>UJie layer on dte ^mface is 
important In order to achieve high- 
perfoTsnance pdishing 

T^e CMP phenomena can be sunulated 
by tiibodhsivcal expfinmencs that involve 
sliding a ball across the surface of a 
Sample." figure 4 shows the results ob- 
puned tiom abrading a tungsten substrate 
Subjected to vanoun chemical and electro- 
chemiral conditions with an alumina ball 
The transient electwichemical current was 
measured durmg the oscillating sliding 
motion ot die ball. The current density in- 
dicates the formation of the reaaed layer 
on die surface The Sgure shows diat the 
layer fonpnanon rate (curtent density) >s 
very high when the ball sbdes across the 
tungsten plate and decreases agm^cantly 
wh^n ^e tribologicai motinn is stopped. 

The CMP phxmomena. especially in 
metals, are veiy Similar to the resul 6> of dwsi} 
experunents. Sluiry chemicals ano par- 
ndes are chosen appropriately to modu- 
late this interaction process. The artide by 
Singh et al in this issue provides details 
on ihe mechanism of CfvO* as well as the 
principles behmd slxiny desigpn—one of 
the most important and perhaps least un- 
derstood aspeas of (IMP process. 

In mechanical poUshing. dte removal of 
material results from dw direct interacnon 
of parades on the original Stvface, that Is, 
the classical abrasi(«n-wear mechanisiiv 
which involves mdauauon of the surface 
and the removal of material by a scratching 
process This maierial-removal mecha- 
nism typically requires high encSigy be- 
cause boruls have to be bzulcen using only 
mechanical forces- Due to the lai;ge energy 
requirements, removal rates are typically 
much lower than CMP unless larger-Sized 
particles are used, in which case lugh sur- 
face defecnvity results Thus, an inverse 
relationship typiealiy exists between the 
rate of removal and ihe hneness of the sur- 
face finisK In contrast, m a CMP process, 
the chemically modified surface layer is 
much mote easily reiru>v<fd bec^u.:^ of its 
inherent nature; a soft, ductile layer in the 
case of silica and more brittle layers m the 
caMi of metals such as tun^ten and copper 
Figure 5 shows the nslatianship between 
removal rate and surface finish for all 
three material-removal processes. 

Currently, the most widely used equa- 
tion m CMP IS Preston's law, which slatirs 
that dw twmovza rate of a maiertil is di- 
ivcdy pioporduna! to the applied presauiv 
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TaMe |: Correlauon of Systems-Uvel Variables witn Micro- and Nanoscsie Effeos 
anfl Output Parameters In Cnemicai-Wechan^cal Planarization. 



Size Contact area 

S>2e flismtxiiicn Pressure on me pad 

Shape 

Mecnsncai propertiBs Particles on tna pad 

Cnermstry pressure 

Ctepersjon Coverage 
ConcBjiirajion 

Agglomeration Cnemifiai conoenRation 
Overeaed particles 



and distriDui'ion 



Panuneiefs 
Removal rate 



Dynamics of surtace- 
layerfomiaiion 

Uniformity 
Fiateer 
focmation 



Figure 3 Schematic cbagntm showing 
the tf(»rence eef»reert CMP ana 
ehmxcsi acting m n»f sm1*» 



not Change vninunm. in 06 CMP 
profess, tha reactions oetn««n the 
cnerfHcats ana m motaftc layers 
result tn <* tnin. rxmaaeoinrtg, 
chamtCBHy passnaing sw^oeSim, 
wtkch Js Siuisequemiy i^me>\^ by 
ma rtscnancm acttJn of tfte particles 



Wy. mil 



•s.tne 



reaction rate amps i/tmeamtwy wnen 
the swftre isyer is removaa t>y tna 
aiMtKiiye parades m the Huiry, the 
suiface tormaUCn anH passivation 
pheporrmnon repeats nseif 



and ndanve s^elociiy Cf the particles Jicjoss 
th«! waSer.'"* This equation was fwst sug- 
gested nearly 75 years ago for determining 
material retnoval when two plates were 



rubbed agau^st each ether. Sul , 
It was modified to mcorporate pamcie- 
biis«d polishing Althou^ this equation 
(wtth minor modjftcanons) has been used 
extensively in CMP because of jts appat^ 
ent simpiinty, »t f>as two fundamental 
flaws that tout its applicabiluy. first this 
e<^uation was develt^ed for metihanicat 
poUahing only, without tatong into account 
any chemical syneigistjc effects. Second, 
bnng a phentJmefvological Muation. tt fails 
to pioviije any msij^ into ixte inteiactitni 
process, even from the medwntfial >new- 
point (e.g. ttte effects of particle si^e. 
conceninitioiv and ottier slurfy arvd pad 
varlabies). Bawd on these rwo reasons, 
Preston's law should not be the starting 
poiit for understanding CMP phenomena 
Instead, nj«w fundamental mechanistic 
approaches, wluch take into account syn- 
ergistic mechanical and chemical effects, 

MRS BULLEntVOCTDSER 2002 



and itonluifiannes due to pad interactians. 
should be developed. TV artide by Singh 
et »1. provides one such approach to ad- 
dress ihis issue 

A tnore degaru method for tmderstand- 
ing *e effect of the process variables is to 
determine the miaoscale and nanoscale 
effects that occur in CMP (Table 1). For 
example, if one decreases ihe parnde size 
in a CMP sluny, the foUowing maeo-/ 
nanoscale effects may occur surface cov- 
erage of die pamdes on the pad may in- 
crease (nucroscale). material removal per 
paitide m4y decrease due to lower stresses 
tnanoscaleX and the degree of surface 
sciaidtlng may decrease due to reduced 
indtmianon (naitoscale). Similarly, if the 
eneodcals ai« varied, the dynamics of layer 
formation can be altered. In Situ measure- 
ments of these effeett. wiU njpr«s«nt an 
mTDortarit Step in tmdeistanding the riteiiM- 
rosms of the CMP process. lt\ their article. 
Mcanpour et al descnbe some advanced 
analyocal metttods &>r charaCTeri:r<ng CMP 
coruurrvabltiS and testing their mtetactians. 




Figurs < Tr^isli 
cuneta meesurBments as a function 
of tune ftv a ttihssten suitaea noraaea 
ji an osci/sfinj mofton i*W an 




Figure 5. Sc/iematic aiagram sftomng 
tne ren»<.^< rate ana surface Snsn 
ootainoo using cnemical etaiirig. 
mechanical poushmg. ana CtAP. 
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CMP Advancements and 
Emerigjing issues 

with the mnoduction of CMP into *e 
iivujt$ueam sezniaanductor industry less 
tixan 10 yeais agu, st^vtvat advancements 
m Wis, Ihe piucosb ttseli, and die con^ 
sumables used (panicuUity slurries) h»v& 
xakezi place to Rieer the jnoeasing dtanands 
of (he field- Compated with sin^ti-pUterv 
tools intraduced utitiaUy, the ntnv CMP 
tools have several pUtst\s and employ the 
dry-in and dry-oat concept (m wWflh the 
v^rafer enters and exits the process m a 
dry state) that integrates both the polish- 
ing and the dtamng processes widi the 
same equipnustt '* Noniuiating platforms 
that enable elljptical and linear moaon 
have been developed.** The tools aie also 
equipped widi state-of-the-art sUyiy han- 
ding sysrems, slurry tnwlng systems, and 
sophisticated reaixoane end'^oint detec- 
tion con troU«t$ 

Significant *a«ges have oocuntd incon- 
suntables. especiaUy in dte area Of £liury 
fcirmulanon. Slurries contamtng smaller- 
sized naiwpaitjdiiS and no vet pamcles svich 
as ceria have entered mainstreajn CMP 
appheaoons.*' Odier funcbOnal parades, 
such as coated artd ivwoporous particles, 
have been demotisnaied for CMP.^^ The 
developnient of "abrasivts-feee" slurries 
for soft mateaals such m copper tus been 
an excinng new advance " In the abrasive- 
free approach. d«sinicaJS are used lo sofien 
the oxide layer on copper so that it can be 
removed by meowiucal action of the 
pad. Th« etinunatton ot particles m the 
^liviy rerauces the risk of sur^ce aefecoviiy 
duiing ihe polishing proG«aiS Ihe article by 
Hatta2ono ei al. highlights this approach. 

Other promising abrasive-fiee ap- 
proaches to c<»per polishing have been 
developed."^" One such approach uses a 
"single-component" slurry to directly mate 
a soft layer on the copper surface, v/hich 
can then be tnecharucaUy rc0U3ved by the 
polymer pad. An example ot a blanjcet 
copper surface (copper deposited on an 
unpattemed water surface) before and 
after polisliing using this method is 
stwvwn m Figui« 6." The feguns lihows that 
the as-deposited copptir stirface has a ims 
roughness exceeding 66 nm, which can be 
reduced to less than 2 nm after shon pol- 
ishing limes (30-45 s). Additionally, scan- 
rung elecRun micivi^icupy of the polled 
surface shows the jcraich-free poliiihuig 
capability of this approach Abrasive-fiee 
CMP slurnes have potennal to con- 
sjdw^Wy simplify slurry harwUing and 
motutormg, reduce surface defectivity 
and stresses, and sigrwficaiuly increase 
polishing selectivity with respect to tue 
underlying tantalum or dielectric lnyer. 

Other BcJvancemenis in slurry engineer- 
ing mcluoe the us* of additives and chenu- 




Figtirs S. {a), (o) Scaaning eteecwi /neroseopy imago» 3W> fcj. (d) uomie force /meroscRpy 
im^gas of oopper suriaces oefow (ion) and after (nght) tna srng/e-componwit aJW/i«-<»e 
CMPproosss. 



cals to further control CMP perfom^ance. 
One example iS the development of iow- 
stpess slunws for CMP of^ copper iiuer- 
corawcts on iow-i: substrates. Tht) issues 
irtvijlved <n polishing fragile 1(jw-ic mate- 
rials are highlighted in the amde by Sa|aj 
ei al. The medianicd fragility of low-* di- 
electrioi requires the use of slunles that 
produce low stresses on the surfaces Tbe 
softn&si of low-ic matcTiaU as compared 
with silica, makes them susceptible to 
scratching delamination, and indentation 
when standard abra&tfes are used. By 
manipulating the particles as vrell as the 
additivus, lihear stress from the slurries 
can be sigruAcaiuiy reduced- Figure 7 



Luw-atiEu CMPtluiiy 



ti force m 



ts during 



polishing of a cqpper/low-rc dielectric 
lcarbon'5oped silica) Surface using stan- 
dard :iilica abrasives and hattnulatcd kIui^ 
ties wnh speaSc additives."* The flgun» 
shows that shear forces can be si^ufi- 
cantly deen«sed by the use of sptfiific ad- 
diovts m the slurry. One expects this type 
□f Bpproadi to be further emphasized 
with the introduction of low-ic materials in 
senucanductox production In the coming 
decade. 

Another imponant area that is expected 
lu show stgtuncant aavajKwneni is high- 



Figurs 7. FrtOion torca m 
fyf cxinvemionai ana lousaass CMP 
slurries usee to poti 
dieleofic furtaca 



pianarity polishing of dielectric materials. 
Due to widely varying topographies of 
the surtaoe, lihimes have to be designed 
diat will eriuincH the planarity of the pol- 
ishing prooiss The polish rate of typical 
partid«-based slurries inci<eai>«s bneariy 
v^ith applied pressure. Althou^ this leads 
to plananzadon of the ^uriaci!, slurries 
that have on t^«n higher planarization 
capability an; inquired, due lu varymg 

MRS BUUXneVOCTDBEn 2002 
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panem densiljes md penodidties Qnfi 
method developed by 3M is the use of a 
pad embedded witi\ abrasive silica/ceria- 
based partides * These pads have bewi 
Used ti> achieve high-planaiity polistws 
of silica for sMiovf trench w>t)Janon (STl) 
af>pitcatiOns. Slurries that extubJt am.- 
Prestoraan variations in poUsh rare as a 
funcaciiv of piessure, resulting In hlgh- 
pUfianty puli^shmg, are expected to 
used in the future for both dielectric 4n4 
metal applicatlOl^s." 

Tbu rapid miniaturiaatim af semicon- 
ductor devices has placed more exacting 
requirements on thfi CMP process. Smailtr 
devices reqturB a Ju^ degree of control, 
and the manufacturing operauon has a 
smaller process window An example of 
these more stringent requirements is the 
STl process, which is used to isolate ad- 
jacent devices on a water. Issues such as 
nanotopography (nanom»tr>e changes 
across a millin\eter length scale) may sig- 
nificantly lead to nonpiawity and lintit 
our ability to achieve high-yield CMP 
processes The arucie by Boning and Ue 
focuses on the effect of nantrtopogiaphy in 
STJ polishing. 

Emerging Applications 

With iha increased popularity of and 
tamiiiarity with CMP technology to pla- 
jianze surfaces and fabricate eanbedded 
submicron structures through polishmg, 
new applicaoons of this technology are 
expected to emerge at a rapid rate The 
growth of microchip complexity based only 
tm Silicon lechnulogy »s fast approaching 
fundamental limits*" New rethflologies 
that incorpurate novel materials and struc- 
tures onto siliom may become the driving 
force to significantly maintain or occelef 
ate Moot«'S Jaw CCoi-don Moore's predic- 
tion that the computing power of a chip 
Will double every 12-18 months). CMP is 
■expected to play a kity role m these next- 
generation micro- and nanotabricatjon 
technologies Some ol the potentjal areas 
in which CMP cotild play a «gnificani role 
iiwlude the formation of gate electrodes 
for higji'ic dieiectncs, gate snfucnif« and 
interconnect tsdmology rot fenwlectri; 
and ferromagnetic nonvolanle memorie:!. 
STl appUratjonfi m higlwptMid Si-C« de- 
vices, pl^narization of multidimerxsional 
mictoelectromecharucai systems (MEMS), 
tabricaaun of chree-dimensiixial memories 
and opiical-bandgap materials, arui pla- 
narizaoon of UI-V and other semioonduc- 
tor substrates (alummwn rutride. galkum 
ntiride, siliciin carbide, dianwnd, MC) for 
high-quality epitaxial growth. Ihe aitulw 
by Evans fpcwes on some future appUea- 
riunsofCMP. 

In all of these applications, CMP is con- 
wdeied an enabling tKdunulogy, and its ap- 

MRS BULLEntvOCTOBER zoaz 



plicitions sse expected to expand to more 
chemically complex maieriais and mechani- 
cally fra^ structuifes In this regard, there 
IS immeiwe ivxjm for umagranon ot new 
tabrication technologies on silicon An ex- 
an^le of this is shorvn in tlie integration 
of embedded meial and oxide stcuctiues 
onto silicon by meaiti of CMP-" Figure fla 
shows a caihodoluminescent image of 
europium-dtiped yttnum oxide phosphor 
SBfuciures enieddtid in silica using CMP 
Tliese structures exhibit much brighter 
calhodoluminescence than a blanket flat 
filrn, dius showing great potentiaj fot field- 
emission display applications. Another 
example of the inbigrauon ot novel mag- 
netic structures onto silica is shown in 
Hgure 8b. This figure ahows embedded 
magnenc submicron cobalt structures dis- 
tributed periodically inside a silica matrix, 
lb make this structure, a corvtonnai fibn of 
tantalum is deposited inside silica vias, 
follcnved by eiectrochemica] deposition of 
cobalt und then planarizaiian. Such struc- 
tures aie expected to be utilized in 3D 
parremed storage rruidia or other device 




pnoapnoretmetufta e/rttodOM m siM; 
using CMP. 77)e» *fnic<Ltf«s exftiftff 
muen ongnw cainodoluminescwxx 
man s fiifloAet 0ar Am: tfius xAowkng 
grsst poMtbat tor l!ejtf«/ni93iwi (tiWay 
. — 



6e used m om»<timBns:Mal pdtteimd 
storage imoia or other aavitv 
siruOures. 



structures. It is expected that widi further 
advancements m photolithography, even 
smaller narusscale embeddtd strucmres 
will be fabricated in die future 
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Rajiv K. Singh. Guest 
Editor tor diis i.sue of 
MRS Bulletin. \i a pro- 
lasca in the Etepannent 
of Me»e«al5 Saence an4 
Engmouing at the Unj- 
viasity Of Florida His 
icseajch mwrests indade 
ihe uwovative nyndiesid. 
pruoeaMttit aii4 nuav 
anci nanafdbTiCfttiOA of 
t^Qsnals and scructuris. 
In tntt kist decade, he 
has wo/ked in several 
sanicufiduawr procesi- 
ing sisis. uiduding 
trarraent thermal pro- 
cifasing ol materials, 

chonical-mechanMal 
pianansanun. diaround 
Kience And techiiology. 
and oude^ased elec- 
tronics Other areas of 
imereiki include thi: 
>yr)ih<!»is <md process- 
irg of tuinoparticle» 
and niinosicale coanngs 
on particles. 

Smgh oetamed ius B£ 
dejfKS m chemical ongi- 
neenng twm ]a Jflvpur 
Uuveisity, iDdiii, m 1985, 
then tairned his MS de- 
gree in materials scierus 
and eAgineering from 
North Carolina Sfcite 
Univisrsity 11987) and a 
RtD dcgiee from NCSU 
in 1989. He joined thtf 
University ot Floiicta 
tacuJtyml!WOjssin 
assistant profbssor and 



mutcihafi 16 U.S. and 
mtemanonai patfinti in 



cjate professor in 199? 
ond full professor 011997 

Singh haj px4>Jwh«;d 
uioie than 360 papers, 
and t\a gruup has pre- 
sented over 400 confer- 
ence piciientations. His 
Murt: has recei\red over 
2<}U0 nrsearcft atanons 
He has ui;gan»ed n 



and edited 



been 6 guest editor tor 

Cl^ljwiwnal jaauni. 

Sinsh had sifoi more 
than 130 mvited talhd 
and lectures at inteRW- 
tional conferences ami 
insci anions 
Singh lias iseeiY 



technologies, mdudmg 
diamoiwi Suns, Aat-panel 
display:^ mclal-ceramjC 
joining and adhesion of 
hard n^ateruls. diug 



cutiduciox pructsssing 



Ht is the author of *>e 
SUM (SinitUaoon 
Laser Interaenon wiih 
Materials) softwan^, 
which is world- 
widttoiAodeliaser- 
solid mieractwns with 
materials. His ncsearch 
has resulted in ^ 
spinoff of two statt-ap 
companies, Nanuthera- 
peuTus Ine , which sps- 
ciali»> in cantnoQed 
dmg deUvery applica- 
ticBu. isna Sinmat Inc., 
which specializes in ad- 
vanceo materials prod- 
ucts such as fclunirai for 
CMP He playiid a key 
lole in the establishment 
of the NSF-funded Engi- 
iwenns Research Center 
Jor Paitick Science and 
Technology, where he 
dixecB CMP research 

Sir^ IS a fellow of 
ASM and the nscipient 
uf several awards, in- 
cluding tlie NSP Voung 
Inviistigator Award, the 
Hardy Gold Medal 
from TMS. the IBM 
faculty DeveltipinKnt 
Award, the Univetaity 
of Flurida Staitarch 
Fuunddtiun FroftSsur 
Award. ;ind the MRS 
Craduaie Student 
Award He has held 
several visiting appoint* 
nuiniii, at Nanunal 
Univeisiiy of Smgapcm;, 
the National Instimtki uf 
Materoli and Chemical 
Research (Japan), and 
the Swiss Federal Iran- 
tiue Technology- 
Singh can be n!achK4 
by e-mail at rSingO 




Rajwrv 3ajaj, Cuest 

MRS Bulletin, is director 
ol technology at Applied 
Matt:ria}s in Santa Clara, 
Calif. Kis experience 
includes product and 
tEchfiology develop- 

it in chenucal- 
nieehanical pilumnzanon 
and clectTDpiating tedi- 
nology. Prior to joining 
Applied Materials, he 
was the CMP davelop- 
jnent manager at Lam 
Research- He has held 
engmeerug posiiians at 
Mototola, the Advanced 
Products Research and 
IVvtiipinent Laboiatoiy 
(APRDL), and Sematech 
Ba>a3 earned his PhD 
degree in chfimicai 
enginee(u\g from the 
University of Texas at 
Austin in 1V95 and h» 
BS degiee from Banaias 
Hindu Uruversity, India, 
inWS7 He holds 12 
patettt« in applications 
and equipment design 
for CMP. He co-edited 
the proceedings volume 
OiMiail-Mechimical 
Pptishms 2000 — Fujiaj- 
mcntais and Mitteneis 
Issua for MRS and has 
published and pit- 
sented several anicles 
on the subject of CMP. 
Heisa munberof 
S dit4 an industry- 



Center fior Paiticln Sci- 



ttie UniveiSiiy of t^oftdi 

Bajai can be 
teached by e-mlU at 
Ra;eev_Ba)ajOamat com. 



Zhan Chen 



Jin Amanokuia is 
a researcher for ftie 
chemical-meciianical 
p]dnan23tion materials 
pro^ea m the Semi- 
conductor Materials 
Development E^i^nsion 
of Hitachi Chemical Co. 
Ltd. m Tokyo His inter- 
ests include the devel- 
opment of polymer 
matifiiais (photoresists, 
polymer electrolytes) 
through an elecirodiemi- 
cal approach. He joined 
Hitachi m l99l and re- 
ceived hi» BS dKglcr m 
polymisr science fmm 
the Tbkyo University of 
Agriculture and "Cech- 
nology m 1992 

Aniartokura can be 
reached by e-maJ at 
jHunanokuraQ 
hitdehi-ehem.cD.jp. 

G. Batur Basim le- 
ceivcxl her PhD degtee 
in materials science and 
engineermg bom the 
Uroversiy of Florida m 
2002 with kptxlaltit:* IT 



on tlie design of engt- 
neeied paniculate 
systems for diemical- 
m«lvmicalpl.maiua. 
tion appbcations. As a 
parr of the CMP re- 
search group 4t the 
Engineering Research 
Center for Parade Sci- 
ence and Technology at 
the Onivetiofy ot Florida, 
she has utuditd the im- 
pact of tjluny-partide 



stability and solids con- 



patode science and 
technology HerOissej 
irtucm research focuse 



parttde-substrate inter- 
adKms during CMP. She 
obtained her MSc de- 
gree m miiung and min- 
erals engineering fpom 
cheViri^tnia Pblytedmic 
bwntuta and Sote Uru- 
vetsity in 1997, and her 
BSc degree in mining 
tAgmeenng from the 
Middle East Technical 
Univendty in Ankara, 
Turiuy. 

Basim can be reached 
b/e-mailatgbBai@ 
mse.ua.edu 

Doane Boning is m as- 
sociate prntKSsOr of elec- 
trical eiigineeriog and 
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Wonseop Ct)o) 



computer so>a\ce at the 

ot Ttfchnoiogy, as well 
as asioaaie director of 
MTTs NUoosysesinji 
Technulogy Lafaoratunes 
H« wseaich focuses on 
vanaiion jnoddjAg, 

and control in semi- 
conductot processes, 
with speojl emphaiia 
Oft chenucal-mticluinical 
polishmg and plasma 
etching. 

He eamed tus dsgcsits 
torn MiT ex eltfctrloii 
engineering and com- 
puter saence, induding 
aPhPdisgieeiAlWl 
Finm \m to 1993. he 
rtaaaniemfierof the 
WchmCil SBfif at Tbxjs 
Instrumenis in D:ill:i$, 

whexe he wwlMsJon 
process ^ diivice siaiu- 
Uvtoix cool iniegnticin. 
senuconductor process 
repre^toitatiOA, and sta^ 
tisticdl modeling and 
opti mizannn Boning 
has mujvs *3n 120 papeis 
and conferaice presen- 
taiiocis in tlie£e ax«as of 
nsieaidi. He is editor 
m auef ol IE£E Trans' 



tAanttfiictunitg and is a 
mumber of TffiE. ECS, 
N4RS. and aCM 
Bonmgcanbe 

rwchadbytt^ 



Ken Cadien is duecior 
of innovative technology 
ana an Intel Fellow in 
the Technology and 
Maniifaowifiij Cioup 
at IntEj Coip. In hii cur- 
nmt position, he directs 
pathfinding sctiviiitfs re- 
lated a) advanced inter- 
connects, focusing on 
chetnicai-inecAanical 
planaozatton and metal 
deposition. He joined 
Intel m 1990 a$ a group 
leader tor thin fUms, 
and in 1997, he was 
promote to pnnCipa] 



for ^ups wurtang m 
copper techiwiogy and 
advanced polishing He 
was appointed Intel Ftd- 
lowrt\l999 

Cadifan (weived his 
BA and ME degiees m 
metallurgy bam McGill 
University Montreal 
m 1974 and 1977. re- 



several niodels that il- 
lustrate the mterparticle 
forces during deaimg 
and CMP HiH work has 
ted to thif dai'elopnieni 
of rrovd, abrasive-free 
chisnistnes for copper 
poLihiAg. He has oo- 
auihoied 11 technical 
papen and h«4 filed tor 
two U-S. patents 
Chen can be 
d by e-mail 



5peci»vely.lnl9ai.he 
receivEd his FhP in ina- 
titTials eoence from th« 
Universiiy of flU 
Urbana-Qiampi 
Pr*ortOhiflv» 
Intet, h» hold thu i-fiim 
tstgiiuxomg and research 
positions at Eastman 
Kodak afld Westatro 
Corp. He also was an 
assistant profoisor at 
RenssKlatr Polytechnic 
Iiuntute. Deparmieni 
of Ma tenal» Science 
and ihti Cantw fat Intfr- 
gratfcd Electronics, ftom 
l9S3tul9S6. 

Cadien's work has 
been publiished in mi- 
meiou:! ioumals. and he 
bald«> eiglu patents. 

Czditoi can be reached 
by c-inail at kennedi. 
eadienSmtel com 

Zhan Chen is :i amiOr 
engii^BEr working at 
tht Intel Co/p, He ewr- 
lently conducts research 



Kyu-Se Choi is a PhD 
student in the Depart- 
ment of Materials Sci- 
ence and Cngiru^ring at 
the Univeiiity of Florida. 
His curnOTt research in- 
volves the synthesis of 
nartoporoos parades 
and coated partides tor 
vanous advanced roate- 
nals applications. His 
work has l(^ to ft ve 
pubLcations and one 
pending U S patent Ke 
received his Ba degnse 
baia Qiungnam Na- 
tional University m 
T^eion, Korea 

Choi can be nached 
by e-mail at Uhoi® 
meeufleda. 

Wonseop Choi <s a PhD 
studeni m the Depart- 
ment of Materials Sci- 
ence and Engjm^rmg at 
*e Umversaty of Florida. 
His current studies fbcus 
onthevenficBnonoj 
cherrucsl-mechanieiil 
planarization mecha- 



Chen received a 
BS degree m chemib-try 
from Peking University 
m 1996 and a PhP de- 
gree in matunals science 
and engineenng from 
the Umversiiy ot Horida 
in2L0O AsagraJuate 
Ktudtait, he worked m 
several areas, including 



planarizatiaa fionwnd 
gate ctearung. muro- 
brtCteries, and phosphor 
and oxide thm hlms 
He has also developed 



gical enginmins from 
Hanyang University m 
Seoul Korea, in T998. 

ChoicaAbeKaehed 
by e-<na4 at wchoi® 

David Evans is 

sanior manager of 
At aitegraied-Qicwt 
Process Tedwology Ub- 
orattMy at 9iarp Labora- 
tories of America Inc m 
Camas, Wwh- He is also 



an aojiir^ professor in 
tlie Electrical and Com- 
puter Engineeiing Pe- 
partmertt wittun t}ie 
Ottgon Graduate Insti- 
tute Sdiool of Science 
and Engineering at the 
Oregon Health and Sci- 
C3tt Umvenity, where 
he (caches JCpnxsesti 
ledtnolosy 

HencadvedaBSde- 
gwe m chertisery m 1974 
ftom tfie Unjversiiy of 
Missoun at Rolla and a 
PhD degree from Iowa 
State Uruvtrsity m 1980 
He worked in setnioon- 
dactor pnooessing and 
flar-panel display RitD 
and manufacturing for 
Tfektronix Inc of B<iavei- 
ton, On^n. from 1980 
lol99t Dunngthis 
timr. his interests m- 
volved plasma proc- 
essmg liquid-crystal 

deposition. In 1994, he 
joined the lCPioee» 
'Kchnobgy Lab, whidi 
was thiol a retseaich arm 
of Sharp Micrtieiecitciues 
Technology; this group 
subsequently becwte 
part of Sharp Laborato- 
ries While at Sharp, he 
haa woiied on vanous 
iiMtuCOnduCtOr proc- 
esses and materials, 
with parnculoT emphnSiS 
cn CMP erf new materials 
and diivici! strucmres. 

Evans can be reacted 
by e-mad at DEvarts® 
aharplabs com 

Masanobu HaiuKOno 
has been a general man- 
ager of the ctienucal- 
mechanical planarlu- 
nofl projen m th«! Semi- 
conductot Materials 
Oevdopnient Division 
of Hitachi Qicniical Ca 
L«.m1!sJi.yo since 1998. 
Hin tcsetueh interests 
include the develop- 
ment and inviaHgatiDn 

of novel materiiils for 

diin-film devices and 
Semiconductors. 

Hanazono received 
his MS degree in ap- 
plied chemistry fr«>m the 
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Universtiy of Hf^icktido 
jn l%7 aiid then jouied 
The Hitadu Research 
LabOTatozy, where hja 
msBorch mainly foCuSed 



evaluation oJ dwi-film 

recoiding, Uquid-oyscal 
dbplay:!. and semicoiv 
iluctoi&Healsowas 
vMMgtt of the ihin-fibn 
device developnu^t 
group in the some labo- 
ratury He received hi3 
PhD flegree ftom 
Umver&iy of Hoklcaxlo 
1^1982. 

In ly92, hetranifoTiid 
XD Hitachi Chemical as a 
manager of the pJannmg 
secnoix white he over- 
saw researeh on naw- 



,^J«4d*!r since 1998, 
he lias coiicencrflxed 
on the deveiopmCTit of 
CMP slurries. In 2001. 
hcrtttivedanR&D 
]OOAwjrd fcsihe 
developiTieiu oi an 
abrasive-free slurry 
for CMP of copper. 

be reached by s-mml 
at m-hanawsno© 
hjocht-chemcoip 

Vuuo Kantigata has 
been a stalt researcher 
with the cheaucsi- 
mechaAical plaiuri^^- 



kical plan 
iterijJspi 



Materials Development 
Diviston or Kicachi 
ChmnicaJ Co. Lid. tn 
Tokyo imce 1998. His 
rea^irch interests vt- 
dude the devetopm«it 
of funcacmal devices 
and snat<:riiiii> tha c make 
use of inoigarue sub- 
staru^es. Hetece^ed 
hte (viSdesieis in ap- 
pUiid chemistry from 
To)cyo Metropolitan 
University <n ai^d 
joined Hii4thi Chemical 
vjon afturward. 



Briar. Lesreceivfd a PE 
despx from The Cooper 
Union m KiW Vork Qty 
in 1996. and £M and 
PhD degrttiB trom the 



of Ted»K)logy m 1998 
and 20D2. respectively, 

both in electrical engi- 
n«Btlng. liii principal 
luieaich interests involve 
modeling and characteflr 
Jtation of shalJov* trench 
isolation and dvsmical- 
medwnical pknaniajtion 
procesiies. bee IS a mem- 
ber of the Maienais Re- 
search Society. Tku Beta 
Fi, and Era Kappa Na 
Lee can be re<uzhed 
by •Mn2ulatice2ie 
jntlmit.edu. 



X and Engineering 
at the University of 
flonda «is current 
research focuses on the 
study oi chsnjuoil- 
mixharucal plananzatson 
mecharuams, mchidmg 



and lh= kiruftics of 
KurfacfJayer formation 
during CMP of metal 
films. His work ha> led 
TO (he davalflpment of 
novel sluniisi for 4u 
polishing of copper and 
retroctory layers. He is 
the auihof of 10 papers 
and has filed tvvo US. 
patents. He earned 65c 
arvl MSc degrees in 
jiietalliirgical engmcer^ 
ing fium Korea Uiuver- 
sity in 1994. 

l.ee can be reached 
J>ye-maaatsle«s® 
mscufledu 

Maiuour MoinpOor IS 

the iMcenals technology 

«Tt4 cnj^ineBiing nun- 
ager at Intel Corp., 
where he focuses OA 
maienais deveU^inuait 
selectioix and cha^aete^ 
izaticjn fur chcmical- 




ncanon tetiwologi*!!^ 
Previously, he vvas re- 
sponsible for CMP 
e(]uipiru!nt selecDon and 
improveniencs. From 
1994iol997.hev,orked 
with Intel's Califomia 
Teduiology and Manu- 
facturing Gnnip. where 
lie was responsible for 
process and technology 
developrntait in CMP, 
chemical vapor deposi- 
tior, and meraiLzapon 
areas fox advanced deep- 
submioon logic and 
flash memory devices. 

Mompoui received 
his PhD degree mma- 



affiliated advisory com- 
nunee member tor the 
Department of Mcchaiu- 
oal Engineering at TUftB 
UniverSityi Mompoiw 
isitiepasidiaiiotthe 
planning committee of 
the CMP UstiB Croup 
of theMorthcm CaL- 
forrua Chapter of AVS 
He has authored or 
co-authored more dian 
90 technical pubUcaHoiu 



be reached by e-mai] 

.ity-Mmigan® 

hitachi-chein.cojp 



Umversicy of W^shmg- 
toa Seaiile. m 1987 Be- 
fore joining Intel m 1991, 
he lierved js a research 
dSSistaLm profiessor and 
leenun- <n ih« &<parf 
meh^ of Eketzical Engi- 
neering bnd Materials 
Science and Ehstneerirtg 
atttte JniveniityQf 
VAshingtun. He has 
served On the industry 
faculty adviaory com- 
miRee of die department 
since 1995. He ij also an 



Moinpour can be 
reached by e-nuni at 
raansowmoinpoiM® 
mteleom 

BiiiM-Moudgilisa 
professor Of matenals 
science and engmecnnj; 
at the University of 
Flonda and director of 
the NSFii Engineering 
Retteurch Center for Par- 
ticle Science and Tedi- 
nelogy thatc Moudgii's 
rakoan^ interests m- 
eiude selective suitao- 
tani and polymer 
cuatingia fur targeted 
applications in ad- 
vanced mawnals and 



nucroclcctiuniGS tnanu^ 



Bahal Surana 



tactuns, and pharma- 
cauTirrtl formulanons 
His group has per- 
formed pioneering ro' 
search by mcasunng 
and modeling the effect 
of nanoscale roughness 
and humidity on inter- 
pamclc force* These 
studies have provided 
new inaights into 
aggregation and dry 
disper&on phenomena 
cnocal to process and 
product dtsOgn and de- 
velopment. His current 
reiiearch iii onderbtand- 
iiigtlie role of self- 
assembled surfactant 
smiciures in disper^kng 
nanoparticles and in 
rrudulating the fnctiun 
forces OA nano-rough 
surfaces, as encountenid 
miheCMPptoceaa,i!i 
expected to be of major 
significance m develop- 
ing design protocols 

for nejLt-geneiatiOn 
CMP flumes. 

Moudgirs research 
acowmplMimeitts have 
beenrecogiuzed by sev- 
eral awards, inclddmg 
his recent election to the 
Naoondl Acwidem/ of 
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neering from ComeU 
UniveiSiTy. 

Pan can be reached by 
E-niail at Tony_Pan@ 



Alex IVegub 



£n|^\eering (2002). the 
Antoire M G^udm 
Award from SMEaW6). 
tiMfBob.atH.Richard» 
Aivaitl tiOinAlME 
(1995), and ihe Frank E 
Apldn Award taim the 
United Ejigtneering 
FoundatJcm (1997). He 
has published more xtvm 
180 ttchiucsi papers, 
edited or CO-e<Ul«d 

nine Iraoks, and hiifi 

360 pspKis at 9i:iendtic 
meetmgs anfl seimnan. 
at audcmic msntutionM 
and private oigancii- 
tlaiis,bothmthKU.S. 
Md abroad He has been 
awarded U pat&its. 

Moudgiicanbe 
reached by e-maii at 
bmotidg)I@erc.ul>.edu 

Mehul Nailc u a $erU>r 
BieBibcr of techrucal 
stalf in the Pixjcess Mod- 
ules Croup at Applied 
Matenals w Santa Clan. 



A]oy Zutshi 



Calif He has worked on 
a variety Of projects^ U>- 

doding tlie (ast Enduri 
System to have CVD 
and FVD charobtrs cm 
the saiTE nviinframe to 
mtegratitCVDALCVD 
TjSjN, and PVD AlCu 
He has worked on 
Al/Iow-ic OTcegratSon 
and was the lead ungi- 
oeer on thu Cu/low-ic 
OTtBstatlon efiort as part 
of ttu Overall procuss- 
module dev«lppment 
at Applied Hatisials. 

Nailc can tx! 
reached by e-maJ at 
MehuU^aikSamatxoin. 

Andrea Oehlez joiru:^ 
Intel Corp inl»95and 
iS currently a staff engi- 
neerfocuslogondve 
development; cjwac> 



arul new pwc^a mod- 
ujes. She li a aumtor fcjr 
Clarkson Univtfisity's 
Saiuconductor Research 
Curp (SRC) program, 
worldns with abrasives 
in CMP. She received 
BAanaPnDdegttees 
in n^aierials f 
firum Re nifwIwKr Poly 
19S8 

and 1995, respectively, 
where she &tudiia3 the 
chemical reactions at 
isiicix with watei. 

Oehiercanbe 
reached by s-jnail at 
andita*ehlt3@inteLcom. 

Tony Pan i£ an engi- 
niiering manager m the 
Process Modvde Croup 
at Appbed Matmals 
m Santa Ciaia, CaLf. 
His areas of istudy have 
mvolvtni process devel- 



jf fabncaiion and 



McruraMiiy otriEW 
chemicat-medurucai 
plananaation slumes for 
piDcifS» opbnuzanon 



mg *jnpfiliii, etching, 
pUnaqzatioa and 
process intention Be- 
fore joiniitg Appbed 
Materials, he worisea in 
process deiitdoptnent 
and research at Xero* 
[niegtated Cucuii Lab. 
MCC Carp, and T^iylem 
Computers. He earned 
a BS degree m [4iysics 
ffum die Nuunal Tiuwan 
Univeisiy as well osMS 
and FhO degn^s »ft ""a- 
tenals sewnm and ergi- 



Kahul Surajia is a 
process engineer with 
the Process Module 
Gioap at Applied MatH- 
rials in Smta Claia, 
Calif. Hisrss-ardihas 
foouicd on copper 
ciiemical-mechanical 
plfll^anzauon (CMP), 
aiut rnon: recently, ne 
has v»oiied to solve 
copper winng issues 
related to CMP. electro- 
plating, and Darner seed 
He earned a fW degiw; 
in Chemical englnofrjng 
bam the Ptinnsylvaiua 
State UniVBtsity. 



Alex liegub has been 
a staff e^gmees' jt Intel 
Corp since 2000. His 
respoi^sibilities include 
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